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(54) ILLUMINATION SYSTEM AND DISPLAY DEVICE INCLUDING SUCH ILLUMINATION SYSTEM 

(57)Abstract: 

PURPOSE: To provide an efficient illumination system capable of 
converting the irradiation of the max. quantity from an irradiation source to 
irradiation having the polarization characteristic of a desired direction and a 
display device including such illumination system. 
CONSTITUTION: This display device 1 has a display panel 3 and the 
illumination system 1 1 including an irradiation source 13 and a diffuser 17. 
The device is provided with a cholesteric filter 1£ between the irradiation^ 
source 1 3 and the display panel 3 i n order to_execute polarization 
conversion with high efficiency. Thefiker allows the tran smissio n of such 
irradiation having the desired polarlzafion state within a wavelength range 
equal to at least the entire visible wavelength range. Further, the device is 
provided with a reflector 15 on the side further from the filter of the 
diffuser 17. The reflector sends back the irradiation which is reflected by 
the filter 19 and is eliminated of the polarization by the diffuser 17 to the 
filter. 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention is a lighting system which supplies the lighting beam with the predetermined 
polarization status, and relates to a lighting system which has a source of irradiation,- and a diffuser in order. Moreover, this 
invention relates also to the display containing the above lighting systems. 
[0002] 

[Description of the Prior Art] Such display can be classified into two formats, i.e., picture image projection equipment and a 
flat panel display. Picture image projection equipment is the equipment by which image formation is carried out on the screen 
in the type where the picture image generated by the display panel like a liquid crystal panel was expanded by the projection 
lens system with comparatively big distance ******. a picture image is generated by the display panel also in a flat panel 
display. The dimension of the orientation which crosses the above-mentioned display panel of this equipment is very 
dimension / of the parvus, i.e., picture image projection equipment, ] the parvus comparatively. In a flat panel display, since a 
televiewer looks at a display panel directly, this equipment is also called accepting-reality equipment. In such equipment, in 
the orientation in which the dimension of the lighting system which illuminates the above-mentioned display panel crosses this 
panel, the parvus's is desirable. 

[0003] For example, video-presentation equipment and monitor ** of a computer system of the above-mentioned display are 
the display of a control panel etc. 

[0004] The lighting system of a format which uses for a flat panel display and was stated at the beginning of this suitable 
specification is known from the U.S. patent of No. 4,737,896. 

[0005] While the lighting system indicated by the above-mentioned U.S. patent is arranged just behind a penetrated type 
display panel, on the interior material of an irradiation proposal with an irradiation dispersion output side, it has the source of 
irradiation of the irradiation which carries out incidence, and this member scatters the above-mentioned irradiation toward a 
liquid-crystal-display panel (it is hereafter called LCD panel). 

[0006] In the display which has LCD panel, since it is the low permeability of a rate and a ** LCD panel which is a display 
side among the irradiation supplied by the luminous efficacy of irradiation, i.e., a source, and a televiewer can see, it is 
comparatively low. The pixel with the translucent ground is because a part of display-panel side is covered. Other fractions of 
the above-mentioned field are occupied by the driver element of these pixels. LCD panel operates based on change of the 
polarization status of light which carries out incidence to the liquid crystal material of the concerned element by each pixel. 
Therefore, the irradiation light with the predetermined polarization status like the light in which a display panel has the 
predetermined polarization orientation and by which the linearly polarized light was carried out, and a light levo-rotatory [ ** 
] or dextro-rotatory by which the circular polarization of light was carried out must irradiate. Therefore, a polarization means 
is prepared in known display and it has changed into the light in which this polarization means has the polarization status of a 
request of the light which does not polarize from the source of irradiation. However, a loss of the abbreviation half of the 
above-mentioned light is followed on this conversion. 

[0007] The polarization means used for the conventional direct-viewing-type display absorbs the light with the polarization 
status which is not desirable. Therefore, the source of high brightness irradiation must be used for this equipment so that the 
light of sufficient amount for a televiewer may be obtained, however ~ since such a source of irradiation has a comparatively 
big dimension and uses a lot of energy ~ desirable — main power supply ****-- separating — use ~ it is seldom suitable for 
the small display to which things are made Moreover, since the light which carries out incidence to the above-mentioned 
polarization means is high brightness, this polarization means is heated by even the remarkable grade. Since these polarizers 
are arranged near the above-mentioned LCD panel in the concerned equipment, although it will be necessary to incorporate a 
cooling system, such a system will make equipment intricately and expensive. 
[0008] 

[Objects and Summary of the Invention] Therefore, the purpose of this invention is to offer an efficient lighting system 
convertible into the irradiation with the polarizability of the orientation of a request of irradiation of the peak from the source 
of irradiation. 

[0009] In order to attain the above-mentioned purpose, the aforementioned diffuser is a diffuser which cancels polarization 
and the lighting system by this invention is characterized by being prepared in the side with the farther cholesteric VCF from 
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the aforementioned source of irradiation of the aforementioned diffiiser which operates by **** visible wavelength within the 
limits at least, and preparing a reflector in the farther one side from the aforementioned VCF of the aforementioned diffiiser. 
[0010] Please understand that a dissolution of polarization means changing into the irradiation which does not polarize the 
irradiation with a certain polarization status, i.e., the irradiation with a different polarization component, partially at least in 
the above. 

[001 1] A cholesteric VCF has the optical layer of the liquid crystal polymer material with cholesteric regularity. It means that 
this forms the spiral structure in which the molecule of the above-mentioned material of the solution status is arranged 
spontaneously, and has pitch p. If the above-mentioned solution is prepared an optical target thin between two parallel 
substrates as an activity layer, orientation of the aforementioned spiral structure will be carried out so that the shaft of this 
spiral may cross the above-mentioned layer. The orientation of this spiral is improvable by preparing an orientation layer on 
the opposite side of each above-mentioned substrate. 

[0012] If the irradiation beam which does not polarize carries out incidence to the above VCFs, the irradiation component 
which has the wavelength corresponding to pitch p of the above-mentioned spiral with the hand of cut (levo-rotatory ** is 
dextro-rotatory) which corresponds in the orientation of the aforementioned molecule spiral and by which the circular 
polarization of light was carried out will be reflected, and the circular polarization of light component with the wavelength 
which, on the other hand, does not suit an opposite hand of cut and the above-mentioned VCF will be penetrated. Reflected 
wave length lambdao of this cholesteric VCF is prescribed by Iambdao=l/2(no+ne) p, the material of the concerned VCF 
usually reaches respectively here, no and ne are extraordinary indexs, and p is the pitch of the aforementioned molecule spiral. 

[0013] The light which has the polarization orientation which is not desirable in this way is not absorbed any longer by this 
cholesteric VCF, and is reflected rather. Although this light is transmitted by the reflector subsequently to the concerned 
cholesteric VCF, since depolarization is carried out by the diffiiser, a part of above-mentioned reflected light will have the 
desired polarization orientation again, therefore it is penetrated with the concerned VCF to the aforementioned display panel. 
With this VCF, the remainder of the above-mentioned reflected light is the favor which uses the diffiiser since it is 
subsequently reflected by the reflector, and will carry out incidence of a part of this reflected light to the concerned 
cholesteric VCF in the state of the right polarization, therefore is penetrated to the aforementioned LCD panel. Thus, 80% of 
the light of the wavelength band where this cholesteric VCF operates can be changed into the desired polarization status. 
Furthermore, since the above-mentioned cholesteric VCF operates over a visible wavelength domain, the component with the 
polarization status which is not desirable will be reflected in the orientation of a reflector by the concerned VCF about all 
irradiation of this wavelength within the limits, it will be again transmitted to this VCF, therefore the above-mentioned 
luminous efficacy which becomes 80% is applied to a full-visible wavelength domain. It is suitable for the light penetrated 
with such a cholesteric VCF illuminating both a monochrome display panel and the display panel of the color. 
[0014] while the white light which has the desired polarization status by combining a cholesteric VCF and a depolarization 
diffiiser with the source of irradiation and a reflector is supplied -- luminous efficacy -- the source of irradiation -- ******** - 
a special lighting system [ like ] is obtained If a lamp efficient as a source of irradiation is used, a desired optical output can 
be obtained with the power of comparatively a low consumption. Although the concerned lighting system mainly aims at the 
object for direct-viewing-type display, this lighting system can be effectively used also in the optical equipment which must 
use the light with picture image projection equipment and the predetermined polarization status. 

[0015] Here, note that it is known to use a cholesteric VCF as a polarizer itself. "The polarization light filter which consists of 
cholesteric LC silicone" light filter [ else / Maurer / R./ which was carried on the 110-1 13rd page of Digest of Technical 
Papers in SID international symposium in 1990 ] ] A cholesteric VCF is known from the becoming reference. The cholesteric 
VCF indicated by this reference has the optical active layer containing the polymer material with the cholesteric regularity 
which makes silicone a basis. In order that the above-mentioned reference by Maurer may raise a polarization conversion 
efficiency, what combines the above-mentioned cholesteric VCF with a depolarization diffiiser and a reflector has not 
proposed at all. 

[0016] Moreover, 29th Japanese Journal of Applied Physics, A "new liquid-crystal polarization color projection principle" 
principle [ by M.Schadt and J.Funfschilling which were carried on the 1974- 1984th page in No. 10 and October, 1990 ] from 
the becoming reference While the polarization status of the beam reflected by this VCF in the cholesteric VCF in the lighting 
system for LCD panels is inverted, it is known to combine with a mirror reflection machine which transmits this beam again 
subsequently to this VCF, Thus, the light of the polarization status which was not suitable from the first to the VCF is also 
transmitted to LCD panel. However, the above faults of a mirror reflection machine have this reflector in the point of 
centralizing the irradiation reflected by the cholesteric VCF on the source of irradiation of the gestalt of a lamp. Since this 
lamp has the effect which absorbs irradiation of itself, it remains in the picture image in which the configuration of this lamp 
is finally formed with display, and becomes obstructive for a televiewer. 

[0017] Furthermore, when high enough, while the levorotation of the above-mentioned cholesteric VCF and the selectivity to 
dextrorotatory circular polarization of light irradiation are arranged ahead of LCD panel and form a part of conventional LCD 
panel, a polarizer which guarantees the analyzer arranged behind the concerned LCD panel and sufficient contrast of a 
formation picture image becomes possible [ omitting ] together. 

[0018] In the latest display, LCD panel which changes the irradiation with the 1st predetermined polarization orientation by 
which the linearly polarized light was carried out into the irradiation with the polarization orientation of the above 1st and the 
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2nd perpendicular polarization orientation by which the linearly polarized light was carried out is preferably used according 
to the drive of a predetermined pixel. The lighting system which was very suitable for the above display is characterized by 
forming lambda/4 plate of a wide band in the farther one side from the diffuser of a cholesteric VCF. 
[0019] The lambda/4 above-mentioned plate is changed into the irradiation with the polarization orientation which was 
suitable for LCD panel in the irradiation which is outputted from the aforementioned VCF, and by which the circular 
polarization of light was carried out by which the linearly polarized light was carried out. Wide band lambda / 4 plate is the 
transparent element which realizes a phase shift which is changed into the irradiation to which the linearly polarized light of 
the irradiation by which the circular polarization of light was carried out in the beam in the full wave length (lambda) of a 
visible wavelength domain was carried out while it consists of two or more layers, "by which such lambda/4 plate was carried 
by SID'92 Exhibit Guide of the U.S., Massachusetts, a Boston bag, and Sociery for Information Display on 17-May 22, 1992 
by Nitto Denko -- Retardation Film for STN-LCD -- 's'NRF' M -- it is indicated by reference 

[0020] The aforementioned cholesteric VCF has two or more layers of a liquid crystal polymer material, the 1st example of 
the lighting system by this invention operates in the wavelength band where each of these layers is different, and these 
wavelength band is characterized by covering a visible wavelength domain at least in cooperation. 
[0021] Moreover, the desirable example of the lighting system by this invention has a layer with a single liquid crystal 
material, and the aforementioned cholesteric VCF is characterized by changing continuously in this layer between two values 
respectively corresponding to the lower limit and upper limit of the reflexogenic-zone region which needs the pitch of a 
molecule spiral to cover a full- visible wavelength domain at least. 

[0022] The pitch of the molecule spiral of the liquid crystal polymer material in which the above-mentioned example has 
cholesteric regularity succeeds in realizing the monolayer cholesteric VCF with which an applicant has change of a pitch big 
enough in a layer, while it is based on the discernment of the ability to make it change continuously, and uses the fact that the 
need of accumulating two or more layers formed of the liquid crystal material with the wavelength reflexogenic-zone region 
where each is different in this way has already been lost. In the cholesteric VCF which has the pitch by this invention which 
changes continuously, the aforementioned polymer layer is divided into an imagination sublayer which reflects irradiation of 
the polarization status which is not desirable for LCD panel in an own wavelength band as the result while each has an own 
pitch. Since such all sublayers put together realize desired reflex in the wavelength domain of desired, the single layer is 
enough to cover a full-visible wavelength domain (for 400nm and 780nm). It is enough if a thickness thinner than the sum 
thickness needed when putting by change which the pitch in a single layer followed in order to realize reflex of a request of in 
the same wavelength band as the above for a separate layer is used. 

[0023] The above-mentioned advantage has the optical quality of the concerned VCF in the point which becomes better. In 
fact, the above qualities of a VCF deteriorate comparatively abruptly as the number of layers increases to ******** Rix by the 
typical error and loss of molecular arrangement. Since the cholesteric layer with the reflexogenic-zone region which becomes 
50nm has the polarization effect, the concerned layer must have the minimum thickness which becomes 5 micrometers. 
Therefore, in order to cover a visible wavelength domain completely, when not taking the increase in the required reflective 
bandwidth by the visual field dependency into consideration, the layer of seven to eight sheets is required of the minimum. 
According to this, the minimum thickness is set to 35 micrometers. 20 micrometers is enough for the thickness to operate as a 
polarizer in the case of the monolayer cholesteric VCF from which a pitch changes continuously over a thickness. On the 
other hand, a visual field dependency becomes large along with the increase in thickness. This means that the effectiveness of 
a VCF will fall sharply if a thickness becomes large at an angle bigger than a predetermined incident angle to the irradiation 
which carries out incidence. 

[0024] The idea of this invention about the above can be used even when a cholesteric material which is not suitable for 
realizing change of a spiral pitch big enough within a single layer is used. 

[0025] As for the example of the lighting system by this invention which is applied when above, two or more layers of the 
aforementioned cholesteric VCF are characterized by having a liquid crystal polymer from which the pitch of a molecule 
spiral changes continuously, and these layers operating in a respectively different wavelength band at least. 
[0026] By changing a pitch in two or more layers, the wavelength domain of the concerned layer increases ****** of a VCF. 
Since the number of the layers required for covering a full-visible wavelength domain as a result becomes what was restricted 
very much, the advantage in the case of the VCF layer of the decimal mentioned above also in this case is acquired. 
[0027] It is characterized by the example of further others of the lighting system by this invention forming the self-support 
type layer suitable for attaching in other elements in the concerned system, while the polymer material of the aforementioned 
cholesteric VCF forms a 3-dimensional plex structure. 

[0028] The optical active layer which forms a 3-dimensional plex structure is very strong, and can be used as a self-support 
type layer as a result. 

[0029] In the above-mentioned case, the substrate needed in case of the manufacture for the orientation of the optical active 
layer of a cholesteric VCF and the polymerization can be removed after carrying out these processes, and thereby, it can make 
the concerned lighting system small. 

[0030] Since it is dependent not only on the wavelength of incidence irradiation but the degree of incident angle in which this 
irradiation carries out incidence to the concerned VCF, the effectiveness of a cholesteric VCF A diffuser which guarantees 
that all display panels are illuminated especially in direct-viewing-type display while the depolarization of the irradiation 
which is prepared in the concerned lighting system and has the polarization status which is not desirable is guaranteed As far 
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as it is related with a cholesteric VCF, irradiation may have the fault of being scattered about at a big angle toward a 
cholesteric VCF. When the degree of incident angle changes, the wavelength band in which a VCF reflects alternatively 
according to polarization shifts, the irradiation which carries out incidence with the degree of incident angle in which the 
concerned VCF is different from the actual wavelength band whose wavelength band which should be reflecting as for this is 
the visible wavelength domain of between (400nm and 780nm) in 90 degrees -- also receiving - polarization -- alternative - 
making - it is equal to the sum with the wavelength band of imagination of a sake Since a gap of the wavelength band as a 
function of change of an incident angle is 2nm per time, when [ extreme ] the domain of an incident angle is 1 80 degrees, the 
above-mentioned virtual wavelength band is set to 360nm. Therefore, a total reflection band must be 380nm+360nm=740nm. 
[0031] The requirements which are other examples by this invention and are imposed on a cholesteric VCF can be eased, for 
example, a lighting system [ that it should be much more suitable for illuminating LCD panel ] A transparent element is 
optically prepared between the aforementioned diffuser and the aforementioned cholesteric VCF. The aforementioned VCF of 
this element is faced and it is characterized by the thing to which a side extends in ** on the other hand at least and for which 
it has periodic and the structure where irradiation is made refracted, and this structure centralizes the irradiation from the 
aforementioned diffuser at an angle of predetermined. 

[0032] Since the above-mentioned beam lumped element decreases the zone of the incident angle in which irradiation carries 
out incidence to a cholesteric VCF, the virtual band mentioned above follows and the necessary reflexogenic-zone regions of 
the concerned VCF decrease in number. As a result, a monolayer VCF does not need change of a so big spiral pitch, and 
many layers do not need a multilayer VCF, either. 

[0033] ** may be two-dimensional even if [ according to the configuration of display / 1 dimension-/ the aforementioned 
periodic structure ]. 

[0034] In the display with LCD panel, as for a panel, it is desirable to irradiate at an angle of limitation predetermined 
possible ] so that the greatest contrast may be acquired. By adjusting the aforementioned beam lumped element, the mean 
angle to which irradiation is outputted from the concerned element can be adjusted, and, thereby, it can contribute to 
implementation of the above-mentioned requirements. 

[0035] The periodic structure of the aforementioned beam lumped element is realizable by various technique, 

[0036] The example of the lighting system by this invention to which the 1st above-mentioned possibility is applied The 1st 

board which has the 1st periodic structure where the field where the aforementioned element counters the aforementioned 

VCF extends in the 1st orientation in the field of the concerned board, It is characterized by providing the 2nd board which 

has the 2nd periodic structure where the field which counters the aforementioned VCF extends in the field of the concerned 

board in the 1st aforementioned orientation and the 2nd orientation which makes a certain angle. 

[0037] Moreover, other examples of the lighting system by this invention are characterized by having a board with the 

aforementioned single element and having the irradiation refraction structure with the two-dimensional field which counters 

the aforementioned VCF of this board. 

[0038] The element of the above-mentioned periodic structure is realizable with further various gestalt. For example, the 
example of further others of the lighting system by this invention is characterized by the 2nd aforementioned field connoting 
the 2nd angle, while the aforementioned irradiation refraction structure has the 1st surface field and the 2nd surface field used 
as this and alternation and the 1st aforementioned field connotes the 1st angle to the normal of the concerned element. 
[0039] Small lens ** to which the element of the aforementioned periodic structure operates by total internal reflection may 
be prism, and a prism angle and /** can be optimized from choosing the refractive index of a prism material pertinently. 
[0040] Here, notice it used in order to centralize irradiation for the board with prism at a predetermined space angle in a 
lighting system itself about it being known from patent-application public presentation of No. 257188 [ two to ]. However, 
this reference has not made reference at all about the advantage of the prism plate in the combination and such combination 
with a cholesteric VCF. 

[0041] Moreover, this invention relates also to the picture image projection equipment possessing a lighting system, the 
display which has at least one penetrated type display panel which generates the picture image which should be projected, and 
the projection lens system which projects the generated picture image on the projection screen. And it is characterized by such 
equipment by this invention being the lighting system which the above-mentioned lighting system mentioned above. 
[0042] Furthermore, it is characterized by this equipment by this invention being the lighting system which this lighting 
system mentioned above also about the flat panel type display with which this invention has a lighting system and a penetrated 
type display panel. 

[0043] The pattern of a dichroic mirror corresponding to each pixel of the aforementioned display panel in the above 
luminous efficacy of display equipped with a color-display panel is arranged at the former close-attendants side of these 
pixels, and, on the other hand, each of irradiation outside this wavelength band of these mirrors improves much more by being 
characterized by the thing which is made to penetrate irradiation of the wavelength band applicable to a corresponding pixel 
and which reflects in abbreviation completeness. 

[0044] The U.S. patent of No. 5,029,986 is stating how luminous efficacy is improved by indicating the color-display panel 
with the matrix of the incorporated dichroic mirror, and combining such a mirror matrix with a reflector. A very efficient 
electrochromatic display is obtained by combining with a lighting system of a format which mentioned the above panels 
above. 
[0045] 
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[Example] The direct-viewing-type display 1 notionally shown in drawing 1 has the penetrated type display panel 3 with 
display side 7 turned to lighting side 5 and the televiewer 9. This display 1 has the lighting system 1 1 by this invention 
further. This lighting system 1 1 has the source 13 of irradiation, and the reflector 15 arranged behind this source of 
irradiation. The diffuser 17 over which the irradiation from the source 13 of irradiation is scattered toward a display panel 3 is 
arranged between the source 13 of irradiation, and the display panel 3, and illuminates this panel uniformly. 
[0046] The above-mentioned display panel 3 is for example, a liquid-crystal-display panel (LCD panel), and while this 
display panel is formed of two glass substrates, the liquid crystal layer by which orientation was carried out is prepared among 
these substrates. ****** of the polarization status of light that the above display panels pass this panel operates based on 
un-changing, and must be irradiated by the light with the predetermined polarization status. Since the irradiation emitted by 
the aforementioned source 13 of irradiation does not polarize, this irradiation must be changed into the polarization status 
which was suitable for the above-mentioned panel 3 first. 

[0047] Conversion of the polarization status in the above-mentioned lighting system 1 1 by this invention is realized very 
efficiently by new cholesteric VCF 19 which acts by full-visible wavelength within the limits. This VCF 19 is designed so that 
the transmitted light polarization over the above-mentioned wavelength domain may be equivalent to the polarization suitable 
for the display panel 13. Above-mentioned cholesteric VCF 19 is arranged between a diffuser 17 and the display panel 3. 
Incidence of the irradiation which does not polarize from the aforementioned source 13 of irradiation is carried out to 
cholesteric VCF 19 through a diffuser 17. 

[0048] Although the cholesteric VCF currently used for known display operates only in the about 50nm limited wavelength 
band, this band is very narrower than the visible wavelength domain of no less than 380nm. Although irradiation of the 
wavelength of the area outside the reflexogenic zone of a known VCF is penetrated in the type not polarizing, this means 
operating as a polarizer only to the wavelength domain to which this VCF was restricted. For using picture image projection 
****** for such ground, as a polarizing filter of the application which was mentioned above in the equipment of a flat panel 
display etc., although the known VCF is very suitable as a light filter, reflective bandwidth is not fully wide. 
[0049] The width of face of reflexogenic-zone region deltalambda is prescribed by deltalambda=lambdaodeltan/na, 
deltan=ne-no is a birefringence here, ne and no are abnormalities and a usual refractive index respectively, and na= (ne+no) / 
2 are mean refractive indexes. Moreover, lambdao is the main wavelength of an alternative reflexogenic-zone region in case 
irradiation carries out incidence perpendicularly, and is specified by lambdao=nap=(ne+no) p/2, and p is the pitch of the 
molecule spiral of the above-mentioned VCF here. In a visible wavelength domain, the width of face of a reflexogenic-zone 
region cannot mainly be decided by birefringence deltan of a cholesteric material, and this birefringence can change only to 
few grades. Generally, deltan of the parvus to bandwidth is narrower than lOOnm from 0.3, and is usually about 50nm. 
[0050] In order to obtain the suitable cholesteric VCF for display, i.e., the cholesteric VCF which operates in the full-visible 
wavelength domain, two or more narrow-band cholesteric layers with the reflexogenic-zone region where each is different can 
be accumulated. In this case, such a composite filter has comprehensive reflective bandwidth equal to the sum of the reflective 
bandwidth of a separate layer, and it is so wide that this bandwidth is enough to polarize light in a full-visible wavelength 
domain. 

[0051] However, when it consists of a single layer in principle according to this invention and pitch p of a molecule spiral 
changes between a lower limit and an upper limit over this thickness, a cholesteric VCF which is equivalent to bandwidth 
required for the reflective bandwidth as a result to operate by full-visible wavelength within the limits is used. 
[0052] The advantage of this monolayer VCF has the optical quality in it being very good to the accumulated VCF. It is 
because presence of the error of ******** Rj x (cholesterics) and the loss by even molecule regularity will result and an 
optical quality will deteriorate along with the increase in the number of layers, if a layer is piled up. Furthermore, a 
viewing-angle dependency increases in connection with the increase in the number of a layer thickness, therefore layers. 
About the irradiation which carries out incidence of this with an incident angle bigger than a predetermined value, it means 
that the effectiveness of a VCF decreases sharply in connection with the increase in a thickness. 
[0053] To a full-visible wavelength domain, reflective 780nm-400nm=380nm becoming bandwidth is needed. The 
effectiveness of a cholesteric VCF is decided also with the incident angle in which the irradiation which should polarize 
carries out incidence. The reflexogenic-zone region of a VCF shifts as a function of an incident angle like 2nm per time. It 
means that it must supplement with the reflexogenic-zone region for which this is needed by change of an incident angle to a 
visible wavelength domain by the virtual wavelength band. To the maximum range of an incident angle, i.e., 180 degrees, a 
total reflection band must be 380nm+180x2nm=740nm. In a visible wavelength domain, the width of face of the 
reflexogenic-zone region to a known cholesteric layer is averaged, and since it is 50nm, the conventional pile VCF must have 
about 15 layer. 

[0054] The cholesteric VCF which consists of a single layer from which pitch p changes continuously covering the thickness 
of a layer can be created as follows. First, the mixture of a reactant monomer is created. Since this mixture has the different 
chiral (chiral) component and different **************** (nematogeneous) component of weight % and these components 
have a number respectively different like 2 and 1 of reactant machines, the two above-mentioned monomers have different 
reactivity. Subsequently, the color of a stabilizing agent and a constant rate is added to this mixture. Thus, subsequently the 
created mixture is allotted between two transparent substrates in which each has the layer of a polyimide. These each class is 
used in order to carry out orientation of the molecule spiral generated automatically into the above-mentioned cholesteric 
mixture. In order to prevent discontinuous (disclinations) formation, the two above-mentioned substrates are sheared covering 
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a short distance until even regularity is acquired. Subsequently, since the above-mentioned reactant mixture is 
photopolymerized by the UV irradiation in ambient temperature, a 3-dimensional plex structure is formed. Thus, it is possible 
to remove this optical layer from the aforementioned substrate, and to use it as a self-support type cholesteric VCF with the 
intensity of the formed optical active layer. For example, the desired reflective bandwidth like the reflective bandwidth 
equivalent to a full-visible wavelength domain can be obtained by changing the wavelength and the output of the amount of a 
color, and an ultraviolet linear light. 

[0055] Curvilinear a of drawing 2 shows the reflectance spectrum of a cholesteric VCF whose pitch p is fixed covering the 
thickness of a layer. This VCF was obtained without adding a color. The reflective bandwidth of this VCF was only about 
45nm. 

[0056] On the other hand, curvilinear b of drawing 2 shows the reflectance spectrum of the cholesteric VCF with which the 
color existed at the time of a polymerization. The reflective bandwidth of this VCF is about 230nm. 
[0057] Although the manufacture technique of a VCF which has pitch p which is the above monolayer cholesteric VCFs and 
changes continuously over a thickness itself is not the summary of this invention, the manufacture technique of such a VCF is 
described in detail at the application (reference number :P [14629 ] HN.) made by the applicant on this patent application and 
the same day. 

[0058] The example which is not remarkable is a cholesteric VCF which consists of two or more layers which have pitch p of 
a molecule spiral from which some layers change continuously over a thickness at least rather than it can set in the cholesteric 
VCF with which the optical quality of a VCF is sharply excellent, and a viewing-angle dependency consists of many 
narrow-band cholesteric layers. 

[0059] A layer from which pitch p changes over a thickness can be manufactured by the same technique as the case of the 
VCF of the monolayer mentioned above. 

[0060] If the bandwidth of a cholesteric layer was increased to about 150nm so that this invention might propose, the number 
of the layers needed to a visible wavelength domain can be decreased from 15 to 5. 

[0061] With the property which the cholesteric VCF mentioned above, the irradiation by which the circular polarization of 
light was carried out in the orientation corresponding to the orientation of a molecule spiral is reflected in the orientation of 
the source 13 of irradiation, and the irradiation by which the circular polarization of light was carried out reversely on the 
other hand is penetrated with VCF 19. The irradiation in which the above was reflected reaches a diffuser 17 again after that, 
and depolarization is carried out in this distributed machine. Subsequently to a reflector 15 incidence of this irradiation by 
which depolarization was carried out is carried out, and reflex in the orientation of VCF 19 is made on this reflector. A part of 
irradiation which reaches a VCF again and which does not polarize has the circular polarization of light status suitable for 
transparency. The remaining fraction goes and comes back to the irradiation path again mentioned above, and a part of 
irradiation penetrates it each time. The irradiation to which not all abbreviation polarizes except the reflection loss is changed 
into the irradiation which was suitable for the display panel 3 as mentioned above and by which the circular polarization of 
light was carried out. 

[0062] The light from the source 13 of irradiation is scattered about over the angle zone of 180 degrees of abbreviation with a 
diffuser 17, as shown in a of drawing 3 . Although the effectiveness of a cholesteric VCF is decided also not only with the 
wavelength of the irradiation which carries out incidence but with the incident angle of this irradiation, the above diffiisers 
turn irradiation to a VCF and are scattered about with a big incident angle. As a result, the reflexogenic-zone region of the 
VCF required for covering a predetermined wavelength domain increases by the virtual wavelength band, and must be made 
to become effective similarly to a big incident angle. A gap of the reflexogenic-zone region as a function of an incident angle 
is 2nm per time. As a result, a reflexogenic-zone region must increase only 180x2nm=360 nm to a 180-degree angle zone. 
[0063] By forming the beam lumped element 21 between a diffuser 17 and cholesteric VCF 19, as shown in drawing 4 , the 
zones of an incident angle decrease in number sharply, and the total reflection bands for which the concerned cholesteric VCF 
is needed as a result decrease in number. 

[0064] This is shown with reference to a numerical example. For example, by using the diffuser of the gestalt of a prism foil 
with which the aforementioned incident angle zones decrease in number at 90 degrees, the number of layers in case [ which, 
as for the number of the conventional layers with the reflective bandwidth which is required for covering a full-visible 
wavelength domain, and which becomes 50nm, does not form a prism foil ] there is nothing serves as [780nm-400nm+ 
(2x90)] / 50= abbreviation 1 1 to being about 15. 

[0065] In the case of the VCF which has a cholesteric layer which has the reflexogenic-zone region where a pitch changes 
continuously and becomes 1 50nm as a result, instead of the layer of about five sheets, if the layer of [780nm-400nm+ (2x90)] 
/ 150= about 4 number of sheets is used, it is enough. In the case of the VCF with the changing pitch, the lower limit and 
upper limit of pitch p are approaching mutually. 

[0066] As for the beam lumped element 21, it is good to be made to prepare on a diffuser 17 soon, as it consists of a 
transparent material optically and it is shown in drawing 4 . The front face which counters VCF 19 of this element 21 has the 
structure where periodic irradiation like for example, prism structure is made refracted. 

[0067] b of drawing 3 shows the effect over the irradiation from the diffuser 17 of the element 21 which has 1 -dimensional 
prism structure, for example only called a prism foil below as above structures. As compared with a of drawing 3 , the 
above-mentioned irradiation is concentrated in this drawing to the beam in angle beta, and this angle is the parvus from the 
aforementioned angle alpha. As a result, the luminosity of the above-mentioned diffuser increases forward. This angle zone 
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beta can be changed by changing the tilt angle of a prism edge. 

[0068] a and b of drawing 5 are illustrated with reference to the example with the structure which extends an operation of a 
prism foil in ** on the other hand. Since an incident angle is larger than a critical angle, the irradiation beam 23 which carries 
out incidence at right angles to the boundary between a diffuser 17 and the prism foil 21 receives total internal reflection in 
the pars marginalis 33 and 34 of the prism foil 21. On the other hand, the irradiation beams 27 and 29 which carry out 
incidence at an angle smaller than a critical angle are outputted to each above-mentioned pars marginalis 33 and 34 from the 
concerned prism through these pars marginalis 33 and 34. Thus, it guarantees that the prism foil 21 is outputted within the 
angle at which the aforementioned irradiation is surrounded by each prism edge with the normal of the concerned foil only in 
the angle within the limits of between 90 degree-thetal and 90 degree-theta2. It is possible to.decide the orientation of an 
irradiation beam by adjusting the angle surrounded by the pars marginalis 33 and 34 of the above-mentioned foil structure 
accompanied by the above-mentioned angle theta 1 and theta 2, i.e., the field of a diffuser 17. The irradiation beam 3 1 
reflected by the prism foil 2 1 is returned to the reflector 1 5 of the source 1 3 of irradiation in back through a diffuser 1 7, and 
after reflecting here, it is again supplied to the concerned system. 

[0069] a, b, c, and d of drawing 6 show the various examples of a prism foil, a of drawing 6 shows the prism foil which has a 
single board which has the symmetrical triangle structure where the front face facing the aforementioned VCF becomes 
theta l=theta2. Moreover, b of drawing 6 shows the prism foil which has a single board which has the serrate structure where 
the front face facing the aforementioned VCF becomes thetal !=theta2. Thus, the aforementioned irradiation can be adjusted 
when it is not only concentrated on a beam at an angle of predetermined, but theta 1 and theta 2 change the shaft of the beam 
outputted from the concerned prism foil. Moreover, c of drawing 6 shows the prism foil which operates two-dimensional. 
Here, the above-mentioned irradiation is concentrated on a beam two-dimensional. This prism foil has two boards 20 and 22 
with which the beam lumped element was prepared in each. The 1st board 20 has the 1st periodic structure which extends in 
the 1st orientation on the front face facing the aforementioned VCF, for example, the regular triangle structure which is shown 
in a of drawing 6 . Moreover, it has the structure which is shown in the front face on which the 2nd board 22 also faces the 
aforementioned VCF at the 2nd periodic structure, for example, a of drawing 6 . These two structures are mutually turned to 
the predetermined angle, for example, a right angle. The combination of the structure of a of drawing 6 and the structure 
shown in b of drawing 6 etc. is possible for two combination of the structure shown in b of drawing 6 according to the degree 
of concentration of the target irradiation, and **. The beam lumped element which operates two-dimensional may have a 
board in which matrix ** of a lens has pyramid-like prism as other examples. The example of a prism foil which has the 
matrix of prism on prism **** which faces the aforementioned VCF is shown in d of drawing 6 . 

[0070] The moire effect which may generate single ** in the combination of a compound prism foil and LCD panel can be 
decreased by fitting the period of the structure of the above-mentioned foil to the period of the pixel of the aforementioned 
display panel. 

[0071] Also in the equipment of drawing 3 , lambda/4 plate 23 can be alternatively arranged behind aforementioned 
cholesteric VCF 19 like the equipment of drawing 1 so that it may be changed into the irradiation to which the linearly 
polarized light of the irradiation by which the circular polarization of light was carried out was carried out. The 
liquid-crystal-display panel present most often used operates by the irradiation by which the linearly polarized light was 
carried out. Since it depends for use of lambda/4 plate on the property of a display panel 3, in the drawing 1 and the drawing 4 
, this lambda/4 plate 23 is shown by the dashed line. Moreover, since circle-straight-line conversion must be realized by 
visible wavelength within the limits, lambda/4 plate of a wide band which is stated, for example to the U.S. patent of No. 
5,029,986 is used. 

[0072] It is the monolayer VCF in which the aforementioned cholesteric VCF has the optical active layer which forms a 
3-dimensional plex structure, and when it constitutes a self-support type layer for this special robustness, diffuser 17 ** can 
attach the concerned VCF in other elements, such as lambda/4 plate 23. Thus, a very small lighting system can be obtained. 
[0073] How to use very efficiently the irradiation which can use the source of irradiation in a lighting system was described 
about the advantage in the orientation of polarization, the propagation orientation of irradiation, and the display of the above 
systems etc. When this display is a direct-viewing-type electrochromatic display, a new combination with invention indicated 
by this invention mentioned above and the U.S. patent of No. 5,029,986 can raise irradiation luminous efficacy further. In this 
case, as far as it is related with a color, luminous efficacy also goes up. 

[0074] Drawing 7 shows notionally the display with which the above-mentioned new combination was used. The lighting 
system 1 1 of this equipment has the source 13 of irradiation, the diffuser 17, the cholesteric polarizing filter 19, and the beam 
lumped element 21 prepared alternatively. The above-mentioned source of irradiation is the lamp of for example, a bending 
configuration, and this lamp is arranged in the electrode holder with the reflective wall 15. Moreover, the color-display panel 
40 has the pixel of the masses divided into three groups shown with signs 41, 42, and 43, and each generates the picture image 
of a predetermined color, i.e., red, green, and blue. It is divided into three groups this color filter is also indicated to be with 
signs 51, 52, and 53 although the matrix 50 of the color filter doubled with each above-mentioned pixel is arranged ahead of 
the aforementioned panel 40. The above-mentioned VCF which penetrates only the light of a suitable color to the 
corresponding pixels 41, 42, and 43 is a dichroic mirror in this example. Such a mirror reflects the color component which is 
not related to the concerned pixel of the side beams by which incidence was carried out toward the aforementioned source of 
irradiation. The reflex nature wall of the aforementioned electrode holder returns the above-mentioned side beam in the 
concerned lighting system. If this side beam reaches the aforementioned matrix 50, this side beam will be equivalent to the 
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mirror different from having been reflected first. This side beam is because orientation is changing in the path. In this case, 
the 2nd color component of this side beam is penetrated to a corresponding pixel. It goes and comes back to the remaining 
component of the above-mentioned side beam between the source electrode holders of irradiation again, and it is passed to the 
pixel which corresponds with other color filters. Since all side beams go and come back to the concerned irradiation system 
several times in a way which was mentioned above, incidence of the great portion of irradiation of the source of irradiation is 
carried out to each pixel in the right color, and as far as this is related with a color, high luminous efficacy is also attained. 
[0075] Drawing 7 shows lambda/4 plate 23 with the dashed line again. It is because it is dependent on whether that this forms 
** lambda / 4 plate operates by the irradiation to which the linearly polarized light of the LCD panel 40 was carried out, or ** 
operates by the irradiation by which the circular polarization of light was carried out. 

[0076] The conventional polarizer 54 which guarantees sufficient contrast of the picture image which forms a part of 
conventional LCD panel, and was formed together with the analyzer 53 of the LCD panel 3 in back while the selectivity of 
aforementioned levo-rotatory cholesteric [ as opposed to / reach and / the dextro-rotatory irradiation by which the circular 
polarization of light was carried out ] VCF 19 was prepared in the pars anterior of the aforementioned LCD panel 3, when 
large enough is omissible. 

[0077] Drawing 8 shows one example of picture image projection equipment. In this drawing, block A shows the lighting 
system by this invention, and this system outputs light-beam b whose main shaft corresponds with optical-axis OO' of the 
concerned picture image projection equipment. In projecting monochrome picture image, it carries out incidence of this light 
beam to display system B which has one display panel 3. This display panel is a liquid crystal panel which was enclosed 
among the transparent boards 61 and 63 of two sheets made from glass and which has the layer of the nematic type liquid 
crystal material 60, for example. On each above-mentioned board, the drive electrodes 65 and 67 are formed respectively. 
These electrodes can be divided into many lines and trains in order to specify many pixels to the concerned display panel. In 
this case, a different pixel is driven by driving the matrix electrode notionally shown in drawing with the drive terminals 69 
and 68. In this way, the electric field are impressed among the ends of the aforementioned liquid crystal material 60 in a 
desired position. The light which the above electric fields change the effective refractive index of the above-mentioned liquid 
crystal material 60, therefore passes a pixel receives change of the polarization status or or depending on [ to which the local 
electric field exist in the position of the concerned pixel ] whether presence is recognized, or ** does not receive. 
[0078] It can replace with the above-mentioned passive drive type display panel, and an active drive type panel can also be 
used. In the case of the panel of this latter, one support-plate field has an electrode and a semiconductor drive electronic 
circuitry is prepared in the support-plate field of another side. In this case, each pixel is driven by the active driver element of 
selves, such as TFT. the direct-drive type display panel of both the above-mentioned formats « the [ for example, / European 
Patent application public presentation ] - it is indicated by EP of No. 0266184 

[0079] the beam which carries out incidence to the aforementioned display panel 3 polarization - desirable -- the linearly 
polarized light it is carried out and if it is ****, there is nothing As for ******, the polarizer and a diffuser which was 
mentioned above of a multilayer format are formed in the aforementioned lighting system A for this purpose. Furthermore, an 
analyzer 53 is arranged by the path of the light penetrated by the above-mentioned display panel, and this analyzer passes the 
light from a pixel to which the polarization status of a beam is not changed to projection lens system C while it is driven, for 
example. In addition, the light from the pixel which is not driven to which the polarization status of a beam is changed is 
prevented by the above-mentioned analyzer 53. Thus, the above-mentioned analyzer changes the polarization modulation of a 
beam into intensity modulation. Projection lens system C projects the picture image formed on the aforementioned panel 3 on 
projection screen D. Thus, the projected picture image is looked at by the televiewer located in the space of the 
above-mentioned projection screen in back. 

[0080] The above-mentioned display panel is irradiated by the light by which the linearly polarized light was carried out 
preferably, on the other hand, the element of this panel rotates the 90 degrees of the orientation of polarization, or ** does not 
make it rotate, as mentioned above. Theoretically, as for ****, it is possible to also make it operate with the light by which the 
elliptically polarized light was carried out instead of the light by which the linearly polarized light was carried out in the 
picture image projection equipment with a liquid-crystal-display panel. In this case, ********** 0 f the above-mentioned light 
to which the circular polarization of light of this display panel was carried out can change the ratio of the ellipse shaft of the 
light by which the elliptically polarized light was carried out. Such change is convertible for intensity modulation by using 
other polarization meanses. 

[0081] When the above-mentioned picture image projection equipment is color picture projection equipment, the 
aforementioned display system B has the dichroic mirror of the masses which each makes carry out incidence of the 
aforementioned beam b to one to which it corresponds of these panels with red in three primary colors, green, and three 
display panels corresponding to one of the blue. Moreover, the beam with which other dichroic mirrors passed each 
above-mentioned panel is compounded with one beam, and this beam passes along the aforementioned projection lens system. 

[0082] Moreover, it is also possible to use a single color-display panel in color picture projection equipment. In this case, an 
advantage which the matrix of the dichroic mirror arranged in front of a pixel is used as preferably explained with reference to 
drawing 7 , therefore was described with reference to this drawing can be acquired also in this color picture projection 
equipment. 

[0083] In the above, although the Twisted Nematic type ** explained this invention with reference to the display which has 
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liquid-crystal-display panels, such as a sault parts ********** type, this invention is not limited to these. That is, SCD (Solid 
Ceramic Display) panel by which, as for the aforementioned display panel, polycrystal material PZLT (Lanthanum doped 
Lead Zirconate Titanate) is used, and ** may be the panels by which the super-birefringence effect is used. 



[Translation done.] 
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©<I«#y8 Sr^gffl b ft & 6. l > <t 3 & ft 
[0 0 15] ziV7.t-Vv>JZ?j )V9 SriSifc^- 

i: bT&ffi^s c t &m*ma-e&2> z t »ca** ftfc 

IV 3^r'Jyi'7-f;i/3i[t #Sx_l£ 1990*£© S I D 
SEIgi'^'jtfi'^AlC&ttSDigest of Technical Papers 
ami 1 0~1 1 3KKiiiE£ftfcR. MaurerfftKiS 
rn uxt 'Js»i?LCJ/ U zi— V^6. JfeSii3te* 5 — 7 
&S;£itt*>e>gE*flT';&S. d©:fci8Ucfe*£ft 
TV>Szi UXf U y ^ 7-<yi/3»l±i/Ua — V&*»Ji:f 

mftmmmfimx.&Bm®£®.*'&*>it2> «* ? & z t it 

^ffi^bTl^&W 

[0016] Japanese Journal of Applied Phys 

ics^2 9^, mi 0-§-, 1990=f£l 0£©«1974~1984 
HtCjfigSftfcM. SchadtXttt. FunfschillingKiS 

mm&myt*^-®Bmmi lcd 

^^Uffl©MW'>x^Atc*Jttsn i/x-y-u ;/ ^ ;u 
&:^;i/3Uciysi*£ftfcfc*-A©fbfr|**S& 
£ter s tm^^xz © t*- a -r K{g 

3£r Sip SclEjRJWSi: ffi^*5-fr S d i: l±gE*n-C 
S. vlffli^tcU-C, 7w-;i/3ftC7y-LT5c-<rJiLTl>^: 
fr^tcffift^WftbLCDJ^MZ&MZftZ. bA> 
bfc#£, ±IS©id&iEH#*8§©:k,&l;J:, 

:m*ftg#©JJ^£®JR^S3&*&^S;*£. W.^ 

[0017] Hie. t>L.tSE3UXT-Uy^7-f 
v LCDA^;i/©mf*lcB3B^4xTt^*©LC 
1TgHcB2B£ftS^^fcH£lc^&M&©-f-#fc=i v 

h7Xh sr^sE-r s «k e» *«3£?tt4wrr a c t 

[0 0 18] gjft©^SS^t, x ^Tii, ^0t°i?t 
;i/©gElrt::j£bT, m£©m©iS3tofrfa&£f^fii&« 
3fc£ftfcJ&ftf&_hf2Sgl ©«##lRji:Sit&!g2 am* 

>^*>U/aW£b<l±^;*ftT^So _hfB©i?&^S 
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©^^^^©wc/aW^© x /4ffi^ia 

tte>ftSCl£:£i|#8ti; bT^S. 

[0019] ±tex/4isttBuBa7>r>i/3«^e.ir;A^ix 
s 2 ft fcfi&w slc d^^wcjs l frmytJsm & 

10 3fcS, Ttfi-tyf, TtfXr-iA 1992^5 

fll 7~22 HOSociery for Information Display© 
SID' 9 2 Exhibit GuideKNitto DenkolC J; 'JJSfK 
TRetardation Film for STN-LCD's 'NRF'J &S 
5:iSttC|H«$|T,T^So 

[0020] *^tc±s»aB)ii/x-rA©^i ©nife^ 

?2>ZtZ<ltmt bTl>S. 
20 [0 0 2 1] #fgHj§H<J:S.WJ§i'A7 1 A©£F* L 

^Hfiswt. Saia=iux^U3'^' 7w;u ; $«7i^a^© 

^5&< i:t>^:nr«*R$EHS:*>''<--rsic i 2x3I^SI*# 
^©TPfiXt/JiPfilc^-Sr^j^S 2-o©ffi©RflT-jgiggl$ 
tc^fb L/T ^ S i £ Z&M. t b-C v ^ S . 
[0 0 2 2] _hlEHfiSMtt. =i l/Xf U y f^flflttSrSf 

m*iz+&iz*:2Kti''y?-<Dmit*n-3mm^ uxf u 

n^s&Rs*f^&«foasa«^n«fc u^figs^ss 
ifc©^ &a*a*as^^ < ^ v ^ &m 
SrfOfflLT^s. *igB > atisjgi^euic^brse , s/^ 

-eSli. ^-^^g^tfy^-Sr^-rSt^^iE-©^^ 
UTe#©^ft^lCiJ^T L C D^^Mnc i: o T«F* 
b < ^^«^4^g©Ba*tSr^ltr Si o «fiS«tBUI 

^sij^^s. &fr&t>i*frt-zv>&oi£±xo)mmtf- 
ffimn&m&miz&yxffimaj^zmm-rzax. # 

40 — <DMX~£riJW&M&m (400nmt780nmffl 
P^l) Sr^^-^-SlC+^T'S-S,, ©/fmcfcttSe 
3/^©^bfc^blCiU. S'Jffl©®S:-htet|BI-©?fe 
R^lc*,U^sma©S*f Srl^^S fc#> tcSc^fi^a S 

m^riz&m t $ ft s^-tt/ss i y %m^m» * m v> ft if 

+#T'&S„ 

[0 0 2 3] _hIE©^tt^^7>f;i/3«©^Se^i 
50 T^"S. 5 0 nm>iSSIif^S:^3 UXfU y i^Jf 
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liffiBfcSb* ft ^m\t 5 ix m & £ ft/h jy £ 

©ifiPft^f&KAtl&^if^ ft/.M?7#C;fre>8#C©/I 
*>v&gT?&.2>. citucituf. S/J\©JIJ£tt 3 5 /* m il 

Dimmit 2 0 /.mftK'feS. — 
J*£©$*nKo;h<T:;*:i*<&-5. ^Jb* 
©*3&ttl±ffiS£© A*f£ »J *ft ^MT'ASt S jgt*f 10 
K#LTWJMW«*S < fc*Wc«Tr S d ft* 

[0024] JiiEtcwrs^^wr^^n*. m— © 

[0 0 2 5] J:8acD«kd*»^»caTW:***ISiH»c* 
SANSS' x^AOXBKMl*. BulEn l/xf *Jv9y^JV 

9 o&tt. < t *>msLv>mit&*mf£t<D x v * imm. b t 

[0 0 2 6] 7^;i/3»CD*jfXtt«StO®VC*,H>Ttry 

■^ft^f bs*s ittitj. ^i&l©i£j|*gH awfiirr 

£. *S*fcbT. £i!Ffttfc£lGH ft £ 

[0 0 2 7] #3P£K££M^>;VrA©3Cl;:ffi©0|;68S 
icffllKtft}IMtrS2:Mlc3K£/x?-A(c£tf«ttCDjR 

y & tea b ^ e a£*HS©Bi&#ja-r * ^ t 30 
[0028] 3^nmmm^m^r^^mmmit0 

[0 0 2 9] _hgE©»£\ tttKBLTaUXfUfd' 

zhfr&m*. i*tsxaj8igas**ifc»ftyi»< it 

[0 0 3 0] 3 s/f^^^HiO^tttUM 40 

»ffl»ft©*fc&-rSU!W#SK:7-f KA*f-f £A 

b < >5i:^ia^^ft#ofla«©M3te«^ ft^SE-T 

M«*^4cifcft«K^*J:^jS:lflB»l*. 3i/XfU 
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JfeftflHStt. fi^IXtf 4 00nmt780nmt ©58©l>r 

ia«iaiH-c-**ia5f©«[Rip*i:. 90 0 t»±M^-s 

«2nmt*J*6, AJ»&©4BH#1 8 0 ° T'*S«i; 
•3 J:Kfiffijftfi«tttt 3 6 0 n m t * 

•S. t£-oT. ^ 1 Slffl ; *i3 80nm+3 6 0nm=7 
4 0 nm-C&ttJUf&ia&O. 

[0 0 3 1] *^Batc«k^©||]jfe^-C*oT, 
t- U y £ 37 -< ft SlUtfti&ftrr Sri: #T- £ 

l c D'<*ji/&jgraii-r & tc— jffis b fct © t 
««sft^L. K«K#anBtttt«A«6©ffiWft»%© 

[0 0 3 2] ±IBtl*-A^^t±M*f^=l y y 

i7 7^ Jl/9 lCAltr-5AJH^I©El*ft^^-fr-5©-C. 

[0 0 3 3] ^^«©*figtcj^bT. mfl5^«i«liS»± 
i ^7c^^t)©-c*)o -ct>Xtt 2 jjcicflij*** ©-efco x 

[0 0 34] LCD^;i/ft«foa^«tc*J^T»±, 

ft^:© 3vh^xhft^s«te) ic^<*;w* BTti^Pfi y m 

£©ftgT-M34-r£©#S*bi,v Huffit'-A*^? 

ftsnwacfctcty. fig*f*^^ : ?*>e.aj^s*vs 

[0035] tfrse t'-A**iti^ ©ja«3«iti±«* 
S-en^-r s c: t « s . 

[0036] _hf2©^ 1 © BTIBttdv(Sffl 5 ft 
«fcSHHH§i/X^A©IUfeW±. BafB^*\ mt&y>(^ 
9 tC#lRj*Sffi«<3tt«flMDifirt-t?* 1 ©^InliCSg^Et- 
*JBl0HJ««rt^ft^rr4J:d4*l©1R#:fc. WIE 
(C»lSrT ^ffiA^K««£©MrtT'H0l5^ 1 ©# 
IrI i: -5 A ft fc-flg 2 ©#fa \-J®&t%%, 2 ©«»i^* 

[0 0 3 7] ^BatciSMHa^XT-A©^©!! 
Mm.. ®«#ft*b. ^E««£©mff57 

ic*ffirr 5ffi^2 ^^m^fJBSf^it ft* b T 

[0 0 3 8] ±IB^»i^1fit©^-?l±Mtca^ ©^Jg-C' 

^A©Mnm©ii«5^{±, HfriefiafttJaSf«jt^ i ©^ 
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^mm^-a-im^M L-cm& i ommtm i £ 
[0039] mtmmtmm<Dm^itmk.n±[^s.mx' 

Wiftt £ <fc o ft'bz & u vxxii^y XA-efeo T t> «fc 

t^Rt -5 Z. £ © J: U MMitT & ' i: tfT* £ £ . 
[0 0 4 0] ' MH^'>X^AlCfel-«T^UXA# 

^1±K:*>ltS^'U XA«©^J *lC^V»Tl±f5T^W& b 
[0 04 1] *|gaai*MHas/x^Ai:, tStB-t* 

tc«^^-^^i/>x^i: &Mr«Bftisii*Mtcfc 

Ba^X^A^HO^Ufc<kd ^BgB^>^AT'fe-5 C £ & 

[0042] *mw\*m.Wi'*y-&t&mm<?im 

U ^IgBatCfcSiCD^attgtMBg^X^Ad'HU^bfc 
<k 5 fcMWi'X^At?**;: LTv>-5 = 

[0 0 4 3] *7-^>^*;i/£^*a±:fa«>J:o&* 

[0 0 4 4] *H^m5,029,986^-t±, 
^-Y V n >T y ? 5 7-®7 h U ^XS:^73 7— 

*.&*&&'«-C^S. ±IE©<J:e>&^*;u£BUx&bfc,J; 
•fuSc^rafiRB^^XT-Atffi^fclirSclfclcJ; y. ^ 

#tc^^*7-a^SA*4ie»4xSo 40 

[0045] 

^^tC^S^i/x^Al 15r^bTl>^>. ~<Dffi.W 

a^*vfcH*f^i 5kzmi;-c^5o msmi3^^<D 

>>USr— «HMHJ!-r-S. 50 



1 0 

[0046] ±gB&jfr**JU 3 t*#dA.tf flSii^S^*^ 
(LCDA^l/) T% d <D^k^-Mt 2 O CD ;tf 3 

rami tffgtf &*i-cn&. jiiB©ie) ^^^;i/i±, 

tJvTK^-^tcT-. m^©M5tett*i£:*?r^U::cky 

[004 7] *5|Hg^J;^±:feMB^i/XT-Al ltcfctt 
■Sck-McfStt^tiS. _h|B=i 1/X-r-U 1 9 

7i:a^^;u3i:cowicBeB^tv^. stfie 

^■LTnl/XfiJi'^^M 1 9lCAltf -5. 
[0 0 4 8] JTOo^iSfiK^SifxTo-SnL/XT- 

^rtro^T'iMFratf. ^©^l±^Xlf 3 8 0 n m 

d©di:l±^7w;i/3(^|»6)ixA-fe*®Htc*fb-r 
©^iS^iibTl&^Siiu^Cl^SrSWT-S. CI© 
<ke>35caitc<ky, UE^qco^w^iiA^— t 
bTtt^n^bT^-StjCD®. H#*S;^BXi*7 7 
s» K>»^;i/^^fi^OSfilc*JltSJh^bfc<k e» 
fflCDMit^^yi/:? H bTffiffl^-SlC»±SM^1l|^+^ 

[004 9] )®W^A X©i|f{±A X= XoA n/n«tC 
* yMy£2*K c:ctT'An = n--nol±1£a#fT'£.y. 
n-S.TJtnoli^^^Xt/a^JBSf^T-fey, n-= 

(n.+ no) /2«spl%JB«f*-efcS. *fc. XottM 

^Tl.= n. P = (n.+ no) P /2lZ&yi&feZ 

liM b *^b"T S d £ #Tr ^ ^ t -> . —ft , 

Anl±0. 3i»Jt/J^^*6. ^^i|Sl± 1 0 0 n m <fc 
[0 0 5 0] mjz&mizfmte^l'^'rV-yZyjJl' 

inofntc^bv^^M^iifSr^b. z<?>&mmz± 
ssmkfk&® iz&^xxz mutt satt^^e t'& 
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[0051] b*L&#&. *&wiz&fr\ij%mmz%. 
-vm *« 6 tt y , jao^mitt© t° y p awm k *> 

xajm&mmite^w&mmmftxmm- •& 

[0052] a*fiiafc7-f ;t/3«ic^bT, ci©J£Jf:7 

ftftfc'a, ^SrSfcStnUXT-U y?X (ch 
olesterics) ©&M©#£5.t/*F £ &&?*M94£ C «fc S 

mx&mm ^xm twnmi^p.xxttxiH&v-t- 

fforafttfcettjawwirr*. -©-kit, w«o«* 
y^efcAWATfAJtrsMWfcHL-ti*, ^ju*© 

[0 0 5 3] ±»i%mMwm\zti LTttU 7 8 0 n m- 

400nm=380n m&SJUfffttlltf&Xfc **V 

JfflHfili. «*.tf l*Sfcy 2nm©J:?lCA*hft©W 

mz*vm&ls*»ttii£t£tt^zt.tkWRT&. A*f 
«©®A1!SB« BP*. 18 0° ICttbTti. 
380nm+180x2nm=740n m-Cfc ttJUf & 
k&w Br^^^®Htc*>i>Ti±eE^J©3 i/xf y s/ ^ 

[0054] tv-f-p tfmv>mfr\.zt>fc-3 Tinmicx 
-rb-r * e> ©ji a* & & & 3 1/ x^r y y * ^ 4 jv & 

M%0>134 (chiral) i^*7hJ/*x-7X (ne 
matogeneous) J&a-fcfc^U itl €»^»-»±WiHf 2 X 
X/l ©±3 K**M&£»©Hj£tt*£*tr£©T-_fcge 
©2^©^y^fcfcJ|&£ J gtfa4£:*#o. dCOjg 
-^4fe(cltSJgftM&tf— ^©&l*;fiWt.&ftS. ct© 

al?'J<< 5 K©;t&#SoJ:o&2o©;@'J!>&:&*g©RflKffl 

£*i,£o cixe>©#jftt±iB=iuxT-y y^s-^-^fpic 

3.. ^jfiBUt (disclinations) OiB$L*W5±~S~ 2> ft*b 



1 2 

y&& 

[0 0 5 5] @2Offli6*a«®(0»*^*)fcoTt ,, s/^- 

10 [0 0 5 6] — @2©ffi&blifi£©|gK^tf:£ 
^ELfcnl/X-r-y y 2 V JUf <DfcM?.'<2 MU&^L 
T<,>£. d©:7-f ;U*©filtW«4Sli*&2 3 0 nm-e& 
•5. 

[0 0 5 7] Jbie©J:d'5:^=iUXT-y y974&9 

36cv«*\ ^©^^^^©gjt^iSttdJffiAlcJ: y 
•3W9«Fa«i:raB»c«(:**i.*ffi«( PHN1 
46 29) KifcffflicfEStvCoS. 
zo [0 0 5 8] ?*ji>3i<?)yt^£n%:tf*ffiiz&kn-cisvB. 

auxfUyf^ A/* tc*> tf5 <t y *>W£x-t£ v 

»tr ^ * ^ ^^SK^© t°-> * p Sr^o «k ^ awR® 

[0 0 5 9] if p *Wctoto TMt5 J: ^ 4 
»l±Haa> L fc*Ji© 7 w ©^i: iai«ffl^T'«jt 

[0060] *^HS?5''ffil^--5«fcolc. aWJ?? 
30 ^ffl^i!gA*^!|X»f 1 5 0 n mSStCl@iP^ tt^c k^tl 

[0 0 6 1] u i/Xr'J -^^^©iiuyjLfc^tet:: 

«ky. ^*M6©*i«i»c»*&ra*iatcR{BA«nfej!ii 

*fl±mWiSi 3©*iRjicS*f^^. -*>R^tcn«3t$ 
toizMitofry << &9 1 gtc^yjgig^ti^. -hfa©^!* 

z> mat * *vt: i > «c v ©— atttaEticai u fc n <s^« 
«i*:#r*. «y©ifi5^±sy ! -h^Lfcfiawa^S:a« 

T. Bg^:gi?©(i^$ixTv^v>KJ»^±|E©cJ;o Kit 

[0 0 6 2] MMR1 3ftt&0>3fe& @3©a^^«k 
■PK, 4a»*17.»cJ:yB(H8 0" ©ft*K«»c*>fcy 
n i/^f 'J y i? 7 ^ ;ni fflfJgittttAWt 

50 JtBE©«k^«:lfi«»ttHlit«:7-<;i/*Ciaitjr* 



(8) 



4$g§¥6-3 2 4 3 3 3 



1 3 

«»c«k y Jfin bT*# fcAlitfl £*f bT*> |SHtHc;ff$& i: 
&££5KbfcWUf&6&v i >. AtW%0§§lfcfcb-ccD 

£MW«©T*tl*. mZ-lf. 1 U 2 n m T' & -5 . *§ 
Si: bT. 18 0° ®#J?E^c#bTtt£j^*£l± 1 

80x2nm=360n m*£tfft;&q$;h4al£ & &&f>. 
[0 0 6 3] @4lC^-rj:-5tCt*-A^3g^2 1 
&881 7i:=iUXT-y s'i?:?^* 19fc0RBKt2tf.5 

[0 0 6 4] r*vS:jKffl^£#flab-C^T 0 tfSjLtfSuIE 
A#*ftE*£#9 0° t^S^SJcd^^UXAfS©^ 

1 5-efeSCDtCjtj-bT, [7 8 0 nm-4 0 0 nm + 

(2x90) ] /50=«Illi:>iS. 

[0 0 6 5] ey^#*i^cg^bb*£SfcbTl 5 0 
n m ft -5 Zft-O^oftnU^VyZmZm? 
2>yjJViKDM£l*. j&5#GDJI©ft*>yiC, [7 8 0 
nm-400nm+ (2x90) ] /15 0=*!)4 45 
fltHSWJf fe^Ef ft tf £ o g^b^ £ ^ £ Jf 

^gSfibT^S. 

[0066] t*- a^*^ 2 1 itft&mzmwtttim 

*»&fcy. @4KjS-r«ke>icfcl*-tft£&m 7_htcifftc 

fgtf-SJ^K'r-St.kV'*. iCDi*l^2 lCD^-<;i/3( 1 9 
tc^fipj-r S^ffili, mtf^ U X A*ii© =k ? fcHSBfcj 

[0 0 6 7] 03©M±, _hiH0)cfc-p bTJ^T 
#lc^yXAmi:«^-sm»f l^iu^yXAfiljtSrSF 

oi?2iona»fii ifrznmMKm-zfhm&mL 
s^rt©t*-A/vi;^ft)$ix, zaftmtmt&ft&a =k 
itin-r-s. -©^Ei^^ii^'jXA^fflM^Sr^fb 

[0 0 6 8] 05CDa&tfb«U ;/y XAfg<Z>fM£& — 

7i:^uxAfS2 1 fc©no<D*#K£fc»cA» 

-r^.M*fti*-A2 3ti, AW^^BS^iU^^V^CD 
X\ •7°UXAfg2 lfflt$3 3X^3 4 KlfcM^T^P^R 
#if£dtf£. ±|&S-^g|53 3Xtf3 4^^^J; 

U/jN$J5c^-CAlfr-5MJ*fc:'-A2 7. 2 9(t Clft 
6^ 3 3 XT/ 3 4 Stf- b T %Wizf V X A *» 6> £&# £ ft 
■5. dOi-Mc. ^IJXAS2 ltiHtrfBfia*fj5'9 0° - 

BP*. ^§£?S©i&& ^zf U X AlSlc «k y H * ft -5 ft 



1 4 

grt-c. £tj#£ ft JbfBftS? 6 i&tf 

0*&. BP*.ffitffSl 7CDS^^±gBfg«ig©i!iEgi5 3 

3. 3 4K<kyH*ft£ft«£. Hlg-rsciiiic.ky, 
M*ft'-AO*lRlS:?*«!>.5c:tA^r|gT-fe-5. :7°yXA 
fS2 1 tc«fc y S*fStifc^*f t'-A 3 1 1±, $£M3 1 7 
*fti;XmMl 3©#&©£3*m 5KM£ft. 
T'Sftf 5 ftfc&Stf MilSi/ X^ A lC«if&$ ft -S . 
[0 0 6 9] 06©a, b. c&tfd li^U XAfg©a 

^©HM^Sr^RbT^-5. @6 0al*BafH7-r^^tc® 
— «(*;Sr*^-^^yXA^&^bTV>.2.= 06© 

b tteoSB 7 w yi/* tcW3"£^ffi# e i * e 2 t£Z&mttM 
mitft-D ck e> ^ y XAm b r v> 

-5. daiotcb-c. mrsefigjwi±m^©^ST*t*-A^ 
**-r^^ti-5©^e»^, ^^yxAfs^e>ajxj3 

tuS t* -Afl)« S: fl i&CJ! 8 2&^b£i£& d i: t <k y H 

"T.2.^''JXA$S&^bT»,^. rcir-l±. _hf2figMl±k' 
-Alc2?k7t;«)lc^(ti$4xS 0 r©y;XA®lt, ^-<r 
20 tCtr-A#*^^l9:We^fc2o®*R«s:2 0. 2 2& 
WbT^-5. ^10««i:2Ol±Buf27-f>'l/^^ffif 

ifc. ^2CD*g#:2 2t>mflH7-<;i/!5'lcffi-r-5^ 

K&m. S:WbTl>-5. Cl*v6,2-3©«litltS^lcm^ 
Oftg.. i$iA.l£\M.-fa, lciRj^e.^Tv>S= B^t-r-SM 
*f®*cf^CJC5bT, @6<5DbtC^-r«litOD2o(Dffi* 
Xtt@6CDa©«iti:06©b^-r«fiti:© 
30 fi^^-fr^^tg-Cfe^o ZTkTtmztm-tZ^-l* 

^fpm^it. m&fflt it. u>xovi-u^xxi±tf 

55 7 U XA J; o teWfe*^ b T t ck v ^. 

buI2^-<;i/3« icffi-r 2>^ > uXA$Sffi_tic7°y xa©v k 

U ^ X $: W^" S J: o 3& ^ U X Af§©Sfe8fe0J#@ 6 © d K 

[0 0 7 0] XtiS^yXAfSiiLCDA^yi/i: 
©ffl*-&*3-fr-C^bt§-5^Tl/«>*l±. Ji!Efg©«ig 

d t <k y {BMT -S d t ^oTtlr-fe s . 

40 [0071] nmftzhfrmMtfffi&mftztifrf&mz 
mkZfrz &?iz. miammtmrnzMzamwizti 
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